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(54) REFLECTION REFRACTION OPTICAL SYSTEM 
(5 7) Abstract 

PURPOSE: To obtain a large numerical aperture on the image side, 
to secure a sufficient working distance on the image side and to 
miniaturize a beam splitter by locating the rear principal point of a 
second lens group closer to the image side than a light entrance 
surface on the side of the beam splitter of the second lens group 
and satisfying a specified condition. 

CONSTITUTION: A reflection/refraction optical system makes a 
light beam from a first surface R pass through a first lens group G1 
and a beam splitter BS in order, introduces it to a concave mirror 
M, makes the light beam from the beam splitter BS reflected by the 
concave mirror M pass through the beam splitter BS and a second 
lens group G2 in order and introduces it to a second surface W. 
The rear principal point of the second lens group G2 is located 
closer to the image side than a light entrance surface on the side 
of the beam splitter BS and the condrtions:-1<1/pM<0.5. 
0.85<L1/f2 are satisfied, where, pM: the image forming 
magnification of the concave mirror M, L1: a distance between the 
rear principal point and the light entrance surface and f2: the focal 
distance of the second lens group G2. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the cata-dioptric system which forms the contraction image of the 1st page on the 2nd page The 1: 
lens group, While passing said light from the 1 st page in order of said 1st lens group and said beam splitter and 
leading to said concave mirror including the concave mirror and the 2nd lens group which have a beam splitter 
and magnifying power Pass the light from said beam splitter reflected with said concave mirror in order of said 
beam splitter and said 2nd lens group, and it leads to said 2nd page. A backside [ said 2nd lens group ] principz 
point location is cata-dioptric system characterized by being located in an image side and satisfying the 
following conditions rather than the beam-of-light plane-of-incidence location by the side of said beam splitter 
of said 2nd lens group. 

_]..<— l/betaM <0.50.85 — < ~ LI / f2, however betaM : The image formation scale factor of said concave 
mirror, and LI : The distance of said backside principal point location and said beam-of-light plane of 
incidence, and f2 : the focal distance of said 2nd lens group — it comes out 

[Claim 2] the image formation scale factor of said whole cata-dioptric system — beta — carrying out — the imag 
formation scale factor of said 2nd lens group — beta 2 ** — cata-dioptric system according to claim 1 
characterized by satisfying the following conditions when carrying out. 

-1«< - beta 2 / beta< 1 — [Claim 3] Said beam splitter is cata-dioptric system according to claim 1 or 2 
characterized by consisting of prism mold beam splitters. 

[Claim 4] Cata-dioptric system according to claim 3 characterized by preparing an aperture diaphragm in an 
image side including the injection side by the side of said 2nd lens group of said prism mold beam splitter, and 
satisfying the following conditions. 

0.26<Dl/fM <1.00, however Dl : The air scaled distance between said concave mirrors and said aperture 
diaphragms, and fM : the focal distance of said concave mirror — it comes out 

[Claim 5] It is the air scaled distance between the injection side by the side of said 2nd lens group of said beam 
splitter, and said 2nd page D2 It carries out and is the focal distance of said 2nd lens group f2 Cata-dioptric 
system according to claim 4 characterized by satisfying the following conditions when carrying out and setting 
numerical aperture by the side of said 2nd page of said cata-dioptric system to NA, 

D2 and NA/f 2 > 0.70 — [Claim 6] Cata-dioptric system according to claim 4 or 5 characterized by satisfying 
the following conditions. 

(phiB l/2-4dW and NA)/(£2 and 2) <4 — however phiB : Area of the orthographic projection to the injection 
side by the side of said 2nd lens group of the directional change side of said beam splitter, dW : — the working 
distance by the side of said 2nd page of said cata-dioptric system, and NA: — the numerical aperture by the sidt 
of said 2nd page of said cata-dioptric system, and £2 : the focal distance of said 2nd lens group — it comes out. 
[Claim 7] It is the cata-dioptric system of five claim 1 characterized by for said 1st and 2nd lens group 
consisting of refraction elements which consist of at least two kinds of different quality of the materials, for sai 
1st lens group having the negative lens component which consists of fluorite, and said 2nd lens group having 
the positive lens component which consists of fluorite thru/or given in any 1 term. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] It is related with the reflective refraction contraction optical system which has the 
resolution of a quarter micron unit in an ultraviolet-rays wavelength region by applying to the projection optic 
for contraction projection for the projection aligners used in case this invention is manufactured by the 
semiconductor device and ** manufactures a liquid crystal display component etc. at a photolithography 
process, and using a reflective system especially as an element of optical system about suitable reflective 
refraction contraction optical system. 
[0002] 

[Description of the Prior Art] In the photolithography process for manufacturing a semiconductor device etc., i 
photo mask or the pattern image of a reticle (collectively henceforth a "reticle") is reduced to 1/4 thru/or about 
1/5 through projection optics, and the projection aligner exposed on the wafer (** is a glass plate etc.) with 
which the photoresist etc. was applied is used. The resolution required of the projection optics currently used f 
the projection aligner is increasing increasingly as degrees of integration, such as a semiconductor device, 
improve. In order to satisfy this demand, it will be necessary to enlarge numerical aperture (N. A.) of projectioi 
optics short [ wavelength / of the illumination light ]. 

[0003] However, if the wavelength of the illumination light becomes short, the class of ** material which is 
equal to practical use with the absorption of light will be restricted, and if wavelength is set to 300nm or less, 
the ** material which can be used practically will serve as only synthetic quartz and fluorite. If this constitutes 
projection optics only from refractive media, chromatic aberration will be begun and each ****** amendment 
will become difficult. On the other hand, since a reflective system does not have chromatic aberration, the 
technique which constitutes contraction projection optics from so-called cata-dioptric system which combined 
reflective system and refractive media is proposed. 

[0004] As reflective refraction contraction optical system which has a beam splitter for optical-path conversioi 
for outputting and inputting the flux of light over a reflective system, it is indicated by JP,2-66510,A, JP,4- 
23551 6 A» JP,5-72478,A, etc., for example. All the concave mirrors contained in the reflective refraction 
contraction optical system indicated by the above-mentioned official report here were convergence mirrors wil 
a contraction scale factor. 
[0005] 

[Problem(s) to be Solved by the Invention] In the conventional reflective refraction contraction optical system 
like the above, since the concave mirror had the contraction scale factor, it had become what has the bigger 
image formation scale factor of the lens group arranged at the optical path by the side of an image than a 
concave mirror. Therefore, if it is going to obtain a big numerical aperture in the conventional reflective 
refraction contraction optical system, it is necessary to enlarge aperture of a beam splitter in proportion 
[ almost ] to it. Having un-arranged [ that a manufacturing cost also becomes high too much ] while a 
manufacture top is difficult for this. And since the concave mirror has the contraction scale factor, it is difficul 
for the distance from a beam splitter to the image surface to become short, and to fully secure the working 
distance by the side of an image. Moreover, degradation of the image formation engine performance by the 
include angle of the beam of light of the flux of light which carries out incidence to the directional change side 
of a beam splitter being respectively different is also unavoidable. 

[0006] Then, a big numerical aperture is attained, and this invention secures sufficient image side working 
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distance to an image side, and aims at offering cata-dioptric system with resolving of a quarter micron unit 

which can attain the miniaturization of a beam splitter further. 

[0007] 

[Means for Solving the Problem] The cata-dioptric system according to this invention in order to attain the 
above-mentioned purpose is the concave mirror M and the 2nd lens group G2 which are the cata-dioptric 
system which forms the contraction image of the 1 st page R on the 2nd page W, and have the 1 st lens group C 
a beam splitter BS, and magnifying power as shown in drawing 1 . It is constituted so that it may contain. Ani 
this cata-dioptric system is the 1st lens group Gl about the light from the 1st page R. And while making it pa* 
in order of a beam splitter BS and leading to a concave mirror M They are a beam splitter BS and the 2nd leiu 
group G2 about the light from the beam splitter BS reflected with the concave mirror M. Make it pass in ordei 
and it leads to the 2nd page W. The 2nd lens group G2 A backside principal point location is the 2nd lens gro^ 
G2. It is located in an image side rather than the beam-of-light plane-of-incidence location by the side of a be; 
splitter BS, and it is constituted so that the following conditions may be satisfied. 
[0008] 

- Kl/betaM<0.5 .... (1) 
0.85<L1 / f2 .... (2) 

however, betaM : The image formation scale factor of a concave mirror M, and LI : The distance of a backsic 
principal point location and beam-of-light plane of incidence, and f2 : The 2nd lens group G2 a focal distance 
it comes out. 
[0009] 

[Function] Since a concave mirror M has magnifying power in this invention like an above-mentioned 
configuration, it is the 2nd lens group G2. Forward big refractive power can be given. By this configuration, 
without attaining enlargement of a beam splitter BS, big numerical aperture can be attained and sufficient 
movable distance can be secured to an image side. 

[0010] And in this invention, since angular difference of the angle of incidence to the directional change side 
each beam of light in the flux of light which passes through the inside of a beam splitter BS can be made smal 
it has the advantage which can prevent degradation of the image formation engine performance by the beam 
splitter BS. Next, conditional expression is explained in full detail. Conditional expression (1) is the condition 
about the range of the suitable image formation scale factor of a concave mirror M. When the minimum of thi 
conditional expression is exceeded, it is the 2nd lens group G2. It becomes difficult to give forward big 
refractive power, and in order to attain a big numerical aperture to an image side, it will be necessary to attain 
enlargement of beam splitter BS itself. At this time, manufacture of a beam splitter BS becomes difficult, and 
the rise of a manufacturing cost is caused. And since it becomes impossible to fully secure the distance betwe» 
a beam splitter BS and the image surface, it becomes difficult to secure sufficient working distance. 
Furthermore, since the flux of light which goes to the directional change side of a beam splitter BS turns into 
the convergence flux of light from a concave mirror M, in the beam of light in this flux of light, the angular 
difference of an incident angle becomes large and causes a fall for the image formation engine performance. I 
addition, the minimum of this conditional expression (1) is set to -0.8* and it is -0.8<l/betaM. Carrying out is 
desirable. 

[001 1] Moreover, if the upper limit of conditional expression (1) is exceeded, since the forward refractive 
power which the concave mirror M is bearing will become small, aberration amendment becomes difficult. In 
addition, in order to make aberration amendment good further, it is desirable to set the upper limit of 
conditional expression (1) to 0.2, and to be referred to as 1/betaM <0.2. Conditional expression (2) is the 2nd 
lens group G2. They are the conditions about a suitable configuration. Here, it is the 2nd lens group G2. Whei 
not satisfying conditional expression (2) (i.e., when exceeding the minimum of conditional expression (2)), 
since it becomes impossible to fully secure practically the working distance by the side of about [ that 
enlargement of the path of a beam splitter BS cannot be escaped ], and an image, it is not desirable. In additio: 
it is desirable to set the upper limit of the above-mentioned conditional expression (2) to 6.0, and to be referre 
to as Ll/f2 <6.0. If it is going to obtain big numerical aperture when exceeding this upper limit, it is unsuitabl 
as projection optics aberration amendment not only becomes difficult, but used for semiconductor fabrication 
machines and equipment by the overall length of optical system becoming long too much. In addition, when 
obtaining a still bigger numerical aperture and the miniaturization of a beam splitter BS are taken into 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/29/20 



JP,0tf-171054,A [DETAILED DESCRIPTION] 



Page 3 of 



consideration in this invention, the lower limit of conditional expression (2) is set to 1 .35, and it is 1 .35<L1 / C 
Carrying out is desirable. 

[0012] In addition, as for the beam splitter BS in this invention, it is desirable that it is the polarization beam 
splitter which separates light according to the polarization direction. Moreover, at this time, lambda/4 plate is 
arranged in the optical path between a beam splitter BS and a concave mirror M. Moreover, it sets to this 
invention and is the 2nd lens group G2. Image formation scale factor beta 2 When setting the image formation 
scale factor of the whole cata-dioptric system of this invention to beta, it is desirable to satisfy the following 
conditions. 
[0013] 

- Kbeta2/beta< 1 (3) 

Conditional expression (3) is the 2nd lens group G2. They are the conditions about the range where an image 
formation scale factor is suitable. Without being accompanied by enlargement of the aperture of a beam splittei 
BS, if the minimum of this conditional expression (3) is exceeded, since it becomes impossible to obtain big 
numerical aperture, it is not desirable. Moreover, if the upper limit of conditional expression (3) is exceeded, it 
is not desirable in order for the refractive power which the dioptrics element (for example, the 1 st lens group G 
and the 2nd lens group G2) in the cata-dioptric system of this invention bears to become large too much, 
namely, for the effectiveness of a reflected light study element (concave mirror M) to become small and to 
cause difficulty on aberration amendment. 

[0014] In this invention, it is desirable to make a beam splitter BS into a prism mold beam splitter. And as for 
aperture diaphragm AS, it is desirable to be prepared in an image side including the injection side of this prism 
mold beam splitter. Here, as for aperture-diaphragm AS, it is desirable to be arranged so that the following 
conditional expression may be satisfied. 
0.26<Dl/fM<1.00-(4) 

Dl [ however, ] : The air scaled distance between a concave mirror M and aperture-diaphragm AS, and fM : th< 
focal distance of a concave mirror M — it comes out. 

[0015] Here, air scaled distance is a contraction distance defined as the sum of the quotient of each distance anc 

refractive index of each medium, and is dt about air scaled distance. It carries out and is di about each distance 

of a medium. It carries out and is ni about the refractive index of each medium. It is expressed with a bottom 

type when carrying out. 

[0016] 

[Equation 1] 
di 

dt =Z- 5L 7- 
* n i 

[0017] Conditional expression (4) is conditional expression by which the range suitable about arrangement of 
aperture-diaphragm AS is provided. If the minimum of this conditional expression is exceeded, aperture- 
diaphragm AS will approach a concave mirror M too much, or the focal distance of a concave mirror M will 
become long too much. Since it becomes difficult to make small angular difference of the incident angle of the 
beam of light which it becomes difficult at this time to attain the miniaturization of a beam splitter BS, and 
carries out incidence to a directional change side, it is not desirable. When above-mentioned conditional 
expression (1) and (3) are satisfied and the minimum of the above-mentioned conditional expression (4) is 
exceeded in the cata-dioptric system of this invention here, since it not only becomes impossible to acquire 
sufficient image side working distance on practical use, but arrangement of an aperture diaphragm becomes 
difficult on manufacture, it is not desirable. On the other hand, if the upper limit of conditional expression (4) is 
exceeded, since amendment of the aberration of an axial outdoor daylight bundle, especially comatic aberration 
becomes difficult, it is not desirable. 

[0018] Moreover, the cata-dioptric system of this invention is the air scaled distance between the injection side 
by the side of the 2nd lens group G2 of a beam splitter BS, and the 2nd page W D2 It carries out and is the 2nd 
lens group G2. It is a focal distance f2 When carrying out and setting numerical aperture by the side of the 2nd 
page W of cata-dioptric system to NA, it is desirable to satisfy the following conditions. 
D2 and NA/f 2 > 0.70 - (5) 

Conditional expression (5) is the conditional expression about suitable spacing of a beam splitter and the image 
surface. If this conditional expression (5) is not satisfied, when maintaining practically sufficient image side 
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working distance, it is the 2nd lens group G2. The tooth space of a sake becomes small and it is the 2nd lens 
group G2. Since a limit arises in the number of sheets of the dioptrics component to constitute and aberration 
amendment becomes difficult, it is not desirable. Moreover, it is the 2nd lens group G2 so that it may satisfy tl 
above-mentioned conditional expression (3), in not satisfying conditional expression (5). Since constituting 
becomes difficult, it is not desirable. In addition, in order to attain the miniaturization of a beam splitter, 
attaining a big image side numerical aperture, and securing sufficient image side working distance, it is 
desirable to set the upper limit in conditional expression (5) to 1 .0, and to consider as D2 and NA/f 2 < 1 .0. 
[0019] Moreover, in this invention, it is desirable to be constituted so that the following conditional expressior 
(6) may be satisfied. 

(phiB l/2-4dW and NA)/(£2 and 2) <4 - (6) 

however, phiB : The 2nd lens group G2 of the directional change side of a beam splitter BS The area of the 
orthographic projection to a near injection side, and dW : The working distance by the side of the 2nd page W 
of cata-dioptric system, the numerical aperture by the side of the 2nd page W of NA:cata-dioptric system, and 
f2 : The 2nd lens group G2 a focal distance — it comes out. 

[0020] Conditional expression (6) is an image side numerical aperture, the image side working distance, and tl 
2nd lens group G2 to the aperture of a beam splitter. It is the conditional expression for appointing the range o 
a suitable focal distance. When not satisfying this conditional expression (6), since it becomes difficult on 
manufacture, it is not desirable. Moreover, since it becomes impossible to disregard the yield of wave aberratic 
here and degradation of an image becomes remarkable when forming lambda/4 plate in the case where a thin 
film is prepared on the directional change side of a beam splitter BS, or a beam splitter BS, it is not desirable. ] 
addition, in order to aim at improvement in the increase of ease and the image formation engine performance c 
manufacture, it is desirable to set the upper limit of this conditional expression (6) to 3.5, and to be referred to 
as (phiB l/2-4dW and NA)/(f2 and 2) <3.5. 

[0021] In addition, in order to amend chromatic aberration in the cata-dioptric system by this invention, 
satisfying resolving of a quarter micron unit in the wavelength of 300nm or less, it is the 1st lens group Gl . Ai 
the 2nd lens group G2 It is desirable to constitute from a refraction element which consists of at least two kind 
of different quality of the materials. At this time, it is the 1st lens group Gl . It has the negative lens componen 
which consists of fluorite, and, as for the 2nd lens group, it is desirable to be constituted so that it may have th< 
positive lens component which consists of fluorite. 

[0022] The 1st lens group Gl which has the negative lens component which consists of fluorite in satisfying 
this configuration The 2nd lens group G2 which has the positive lens component which becomes possible 
[ amending the chromatic aberration of magnification ], and consists of fluorite Axial overtone aberration can 
be amended. Moreover, the 2nd lens group G2 arranged between a beam splitter BS and the 2nd page W since 
the scale factor of a concave mirror M is constituted in this invention so that the above-mentioned conditions 
(1) may be satisfied The tooth space of a sake is fully securable. Therefore, if the refraction element of each 1© 
group is constituted like it will become possible to amend chromatic aberration, satisfying resolving of a 

quarter micron unit in the wavelength of 300nm or less. 

[0023] In addition, in this invention, it is desirable for the flux of light between a beam splitter and the 2nd len 
group to consider as the afocal flux of light. Moreover, in this invention, the lens group for aberration 
amendment may be prepared between a beam splitter BS and a concave mirror M. 
[0024] 

[Example] Hereafter, each example by this invention is explained with reference to a drawing. Drawing 1 is th 
optical-path Fig. showing the optical configuration of the cata-dioptric system concerning the 1st example of 
this invention. In drawing 1 , the illumination-light study system without illustration illuminates the reticle R i) 
which the predetermined pattern was prepared by the illumination light of for. example, ArF excimer laser. Tht 
light from this reticle R is the 1 st lens group Gl. After passing, the directional change side of a beam splitter B 
is penetrated, it is reflected by Lieberkuhn M, and incidence is again carried out to a beam splitter BS. The ligl 
from Lieberkuhn M passes aperture-diaphragm AS prepared in the injection side side of a beam splitter BS aft* 
being reflected in respect of directional change of a beam splitter BS, and is the 2nd lens group G2. It passes 
and reaches on Wafer W. The contraction image of Reticle R is formed on this wafer W. 

[0025] Here, in this example, the beam splitter BS consists of two joined rectangular prisms. And the thin film 
is vapor-deposited on the slant face of one rectangular prism, this example — the thin film on the plane of 
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composition of a beam splitter BS — the 1st lens group Gl from — it has the function to make light penetrate 
and to reflect the light from a concave mirror M. 

[0026] Next, with reference to drawing i , the lens configuration of each lens group in the 1st example is 
explained. The 1st lens group Gl Positive lens component LI a of both the convex configuration which turne< 
the strong convex by the beam splitter BS side sequentially from the body side, Negative lens component L11 
of both the concave configuration, and positive lens component Lie of both the convex configuration, Negati 
lens component Lid of the meniscus configuration where the convex was turned to the body side, and negatr 
lens component Lie of a meniscus configuration which similarly turned the convex to the body side, It consi: 
of positive lens component LI f of the meniscus configuration where the concave surface was turned to the be 
side, negative lens component Llg of both the concave configuration, and negative lens component Llh of th 
meniscus configuration where the convex was turned to the body side. 

[0027] Moreover, the 2nd lens group G2 Sequentially from the aperture-diaphragm AS side, negative lens 
component L2a of both the concave configuration, Positive lens component L2b of both the convex 
configuration, and negative lens component L2c of both the concave configuration, Positive lens component 
L2d of both the convex configuration, and positive lens component L2e of both the convex configuration, 
Positive lens component L2f of both the convex configuration where the strong convex was turned by the 
aperture-diaphragm AS side, Positive lens component L2g of both the convex configuration where the strong 
convex was similarly turned by the aperture-diaphragm AS side, Negative lens component L2h of the menisc 
configuration where the convex was turned to the aperture-diaphragm AS side, Positive lens component L2i ( 
a meniscus configuration which turned the convex to the aperture-diaphragm AS side, It consists of negative 
lens component L2j of a meniscus configuration which turned the convex to the aperture-diaphragm AS side, 
positive lens component L2k of a meniscus configuration which turned the convex to the aperture-diaphragm 
AS side, and positive lens component L21. of the meniscus configuration where the convex was similarly turr 
to the aperture-diaphragm AS side. 

[0028] The value of the item of this example hangs up over following Table 1 . In this example, it is 1/4 time 
(contraction) the scale factor of the whole system of this, and the numerical aperture NA by the side of Wafei 
W is 0.6, and the working distance by the side of Wafer W is 1 5.0mm. And as shown in drawing 2 which is a 
top view showing the exposure field on the wafer W of the cata-dioptric system of this example, the image 
quantity from the optical axis [ cata-dioptric system / of the 1st example ] Ax on Wafer W has the exposure 
field of the shape of a 30mmx6mm slit in the range to 15.3mm. Moreover, the beam splitter BS in this examp 
is a 170mmxl70rnmx 190mm rectangular parallelepiped configuration. 

[0029] Moreover, in Table 1 , the sequence of going to the 2nd page equivalent to the Wth page of the wafer a 
the image surface from the 1st page equivalent to the pattern formation side of the reticle R as a body side 
shows the radius of curvature r, Spacing d, and the ** material of each side. All over Table 1 , between Reticli 
and the concave mirror M, the sign of the radius of curvature r of each field makes forward the case where a 
convex is turned at Reticle R side, and makes forward the case where a convex is turned at a beam splitter BS 
side, between the beam splitter BS and Wafer W. Moreover, the sign of Spacing d is just taken by other optic 
paths for negative according to the optical path which reaches the directional change side of a beam splitter B 
from a concave mirror M. And it is CaF2 as ** material. Fluorite and Si02 Quartz glass is expressed, 
respectively. Here, the refractive index in the criteria-for-use-of-food-additives wavelength (wavelength of Aj 
laser: lambda= 193.4nm) of quartz glass and fluorite is as follows. 
Quartz glass: 1.56019 fluorite : 1.50138 [0030] 
[Table 1] [The 1st example] 

dO = 94.539 r d ** material 1 -5313.040 42.330 Si02 2 - 329.1 18 23.191 3 -454.958 18.864 CaF2 4 272.492 
31.123 5 338.834 31.042 Si02 6 - 344.186 0.500 7 229.022 45.000 Si02 8 184.586 2.298 9 208.542 45.000 
Si02 10 1732. 582 56.174 1 1 -4435.970 42.860SiO2 12 - 244.757 0.50013 -288.84045.000CaF2 14233.444 
5.342 15 433.000 29.121 Si02 16 268.594 10.04217 0.000 170.000 Si02 Beam splitter BS 18 0.000 10.000 1 
623.184 -10.000 The lieberkuhn M20 0.000-85.000 Si02 21 0.000 85.000 Si02 Directional change side 22 
0.000 20.000 23 0.00022.917 Aperture-diaphragm AS24 - 246.212 19.407 Si02 25 1018. 290 0.657 26 1228 
970 32.523 CaF2 27 -190.064 0.500 28 - 191.929 15.000SiO2 29 424.920 1.933 30 503.632 37.933 CaF2 31 
260.380 0.500 32 441.375 32.753 CaF2 33 -563.177 0.500 34378.243 23.321CaF2 35 -13558.170 0.500 36 
152.386 44.866 CaF2 37 3098. 000 0.500 38 2231.92015.006 Si02 39 296.582 0.533 40 123.15138 469CaF2 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



9/29/2C 



JP,08-171054,A [DETAILED DESCRIPTION] Page 6 o- 

417856.190 0.815 42 7240. 660 15.000SiO2 43 74.4237.394 44 1 03.42935.01 2CaF2 45 292.945 1.71 1 46 
192.71934.643 Si02 471452.820 15.000 The value corresponding to conditions in the 1st example is shown 
below. 

(1) 1/betaM =-0.062(2) LI /— f- two - = - 1.842 - (-- three -) - beta - two » /-- beta - = - 0.10 - (-- four 
)~D- one - /-- fM ~ = ~ 0.45 - (- five -) - D - two - NA/f - two - = - 1 .37 - (~ six --) (-- phi - B - 
on e - /-- two - four — dW - NA — ) — /(£2 and 2) = - 3.03 — drawing 3 — the transverse aberration Fig. of th 
1st example — being shown — . Here, it is drawing 3 (a). It is a transverse aberration Fig. iri one hundred perce 
(1 5.3mm of image quantities) of image quantities, and is drawing 3 (b). It is a transverse aberration Fig. in 50 
percent (7.65mm of image quantities) of image quantities, and is drawing 3 (c). It is a transverse aberration Fij 
in 0 percent (on an optical axis: 0.0mm of image quantities) of image quantities. In addition, in each transvers< 
aberration Fig., a continuous line expresses the aberration curve in criteria wavelength (lambda = 193.4nm), ai 
an aberration curve [ in / in a dotted line / lambda= 193.5 nm wavelength ], an aberration curve [ in / in an 
alternate long and short dash line / the wavelength of lambda= 193.45nm ], an aberration curve [ in / in a broki 
line / lambda= 193.35nm ], and a two-dot chain line express the aberration curve in lambda= 193.3 nm 
wavelength, respectively. Each transverse aberration Fig. shown in drawing 3 shows that the cata-dioptric 
system by this example has the image formation engine performance of NA=0.6 which the chfomatic-aberrati< 
amendment by 193.4nm**0.1nm is especially made by amending aberration good in spite of having attained b 
numerical aperture very much, and was excellent. Next, the 2nd example by this invention is explained with 
reference to drawing 4 R> 4. Drawing 4 is the optical-path Fig. showing the configuration of the cata-dioptric 
system by the 2nd example of this invention. 

[0031] Since the fundamental configuration of the cata-dioptric system of drawing 4 is almost the same as the 
cata-dioptric system of the 1st example shown in drawing 1 , it omits explanation here and explains only the 
lens configuration of each lens group. It sets to drawing 4 and is the 1st lens group Gl . Negative lens 
component LI a of a meniscus configuration which turned the convex to the body side sequentially from the 
body side, Positive lens component Lib of both the convex configuration, and positive lens component Lie of 
both the convex configuration, It consists of positive lens component Lie of a meniscus configuration which 
turned the concave surface to the negative lens component Lid and body side of both the concave 
configuration, negative lens component Llf of both the concave configuration, and negative lens component 
Llg of the meniscus configuration where the convex was turned to the body side. 

[0032] Moreover, the 2nd lens group G2 Sequentially from the aperture-diaphragm AS side, negative lens 
component L2a of both the concave configuration, Positive lens component L2b of both the convex 
configuration, and negative lens component L2c of both the concave configuration, As well as positive lens 
component L2d of both the convex configuration, positive lens component L2e of both the convex 
configuration, Positive lens component L2f of the meniscus configuration where the convex was turned to the 
aperture-diaphragm AS side, Positive lens component L2g of both the convex configuration where the strong 
convex was turned by the aperture-diaphragm AS side, Negative lens component L2h of the meniscus 
configuration where the convex was turned to the aperture-diaphragm AS side, Positive lens component L2i o: 
a meniscus configuration which turned the convex to the aperture-diaphragm AS side, It consists of negative 
lens component L2j of both the concave configuration which turned the strong concave surface by Wafer W 
side, positive lens component L2k of a meniscus configuration which turned the convex to the aperture- 
diaphragm AS side, and positive lens component L21. of the meniscus configuration where the convex was 
similarly turned to the aperture-diaphragm AS side. The value of the item of this example hangs up over 
following Table 2. In this example, it is 1/4 time (contraction) the scale factor of the whole system of this like 
the 1st example of the above, and the numerical aperture NA by the side of Wafer W is 0.6, and the working 
distance by the side of Wafer W is 15.0mm. And as for the cata-dioptric system of this example, the image 
quantity from the optical axis Ax on Wafer W has the exposure field of the shape of a 30mmx6mm slit in the 
range to 15.3mm like the 1st example of the above. Moreover, the beam splitter BS in this example is a 
170mmxl70mmx 190mm rectangular parallelepiped configuration. 

[0033] Moreover, in Table 2, the sequence of going to the 2nd page equivalent to the Wth page of the wafer as 
the image surface from the 1st page equivalent to the pattern formation side of the reticle R as a body side 
shows the radius of curvature r, Spacing d, and the ** material of each side. All over Table 2, between Reticle 
and the concave mirror M, the sign of the radius of curvature r of each field makes forward the case where a 
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convex is turned at Reticle R side, and makes forward the case where a convex is turned at a beam splitter BS 
side, between the beam splitter BS and Wafer W. Moreover, the sign of Spacing d is just taken by other optical 
paths for negative according to the optical path which reaches the directional change side of a beam splitter BS 
from a concave mirror M. And it is CaF2 as ** material. Fluorite and Si02 Quartz glass is expressed, 
respectively. Here, the refractive index in the criteria-for-use-of-food-additives wavelength (wavelength of Arl 
laser: lambda= 193.4nm) of quartz glass and fluorite is as follows. 
Quartz glass: 1.56019 fluorite : 1.50138 [0034] 
[Table 2] [The 2nd example] 

dO = 1 1 1 .403 r d ** material 1 5471 . 605 1 5.000 CaF2 2 272.290 2.678 3 277.567 3 1 .750 Si02 4 - 278.590 
0.500 5 307.964 38.658 Si02 6 - 321.548 0.500 7 - 307.926 28.172 CaF2 8 185.540 1 16.871 9 -6054.190 
45.000 Si02 10 -326.561 3.925 11 -437.618 18.547CaF2 12 429.454 3.774 13 791.30328.999 CaF2 
14197.545 13.34815 0.000170.000 Si02 Beam splitter BS16 0.000 10.000 17 -600.094 -10.000 The lieberkufo 
Ml 8 0.000 -85.000 Si02 19 0.00085.000 Si02 The directional change side 20 0.000 5.000 21 0.000 18.267 
Aperture-diaphragm AS22 - 228.968 15.000 Si02 23 602.629 1.000 24 596.556 39.120 CaF2 25-193.7590.501 
26-198.735 15.599 Si02 27 414383 1.371 28 466.129 43.827CaF2 29 -250.352 0.500 30 607.920 26.660 CaF 
31-570.532 0.500 32 319.703 24.752 CaF2 33 5248.170 0.50034 150.926 44.958 CaF2 35 -1 1154.640 0.5003< 
6931.942 15.000 Si02 37 324.944 0.500 38 123.172 38.693 CaF2 3927743.950 0.506 40 -22043.850 15.000 
Si02 41 73.840 8.55242 103.200 33.698CaF2 43 346.408 1.818 44 217.213 33.291Si02 45 1371.742 15.000 
The value corresponding to conditions in the 2nd example is shown below. 

(1) 1/betaM =-0.077(2) LI /-- f- two ~ = ~ 1 .924 - (- three --) - beta - two - /- beta - = -0.13- (~ four • 
) — D — one - /- fM - = - 0.41 - (- five -) - D - two - NA/f - two - = - 1 .31 - (- six -) - (- phi - B - 
one — /— two - four — dW - NA — ) — /(£2 and 2) — = — 3.09 — drawing 5 — the transverse aberration Fig. of th< 
2nd example — being shown — . Here, it is drawing 5 (a). It is a transverse aberration Fig. in one hundred 
percent (15.3mm of image quantities) of image quantities, and is drawing 5 (b). It is a transverse aberration Fig 
in 50 percent (7.65mm of image quantities) of image quantities, and is drawing 5 (c). It is a transverse 
aberration Fig. in 0 percent (on an optical axis: 0.0mm of image quantities) of image quantities. In addition, in 
each transverse aberration Fig., a continuous line expresses the aberration curve in criteria wavelength (lambda 
= 193.4nm), and an aberration curve [ in / in a dotted line / lambda= 193.5 nm wavelength ], an aberration cur\ 
[ in / in an alternate long and short dash line / the wavelength of lambda= 193.45nm ], an aberration curve [ in 
in a broken line / lambda= 1 93.35nm ], and a two-dot chain line express the aberration curve in lambda= 1 93.3 
nm wavelength, respectively. Each transverse aberration Fig. shown in drawing 5 shows that the cata-dioptric 
system by this example has the image formation engine performance of NA=0.6 which the chromatic-aberratic 
amendment by 193.4nm**0.1nm is especially made by amending aberration good in spite of having attained b 
numerical aperture very much, and was excellent. Next, the 3rd example by this invention is explained with 
reference to drawing 6 R> 6. Drawing 6 is the optical-path Fig. showing the configuration of the cata-dioptric 
system by the 2nd example of this invention. 

[0035] Since the fundamental configuration of the cata-dioptric system of drawing 6 is almost the same as the 
cata-dioptric system of the 1 st example shown in drawing 1 , it omits explanation here and explains only the 
lens configuration of each lens group. It sets to drawing 6 and is the 1st lens group Gl . Positive lens componer 
LI a of both the convex configuration which turned the convex strong against a beam splitter BS side 
sequentially from the body side, Negative lens component Lib of both the concave configuration, and positive 
lens component Lie of both the convex configuration, Positive lens component Lie of a meniscus configuratic 
which turned the convex to the negative lens component Lid and body side of the meniscus configuration 
where the convex was turned to the body side, It consists of positive lens component LI f of the meniscus 
configuration where the concave surface was turned to the body side, negative lens component LI g of both the 
concave configuration, and negative lens component Llh of the meniscus configuration where the convex was 
turned to the body side. 

[0036] Moreover, the 2nd lens group G2 Sequentially from the aperture-diaphragm AS side, negative lens 
component L2a of both the concave configuration, Positive lens component L2b of both the convex 
configuration where the convex strong against an image side was turned, and negative lens component L2c of 
both the concave configuration, Positive lens component L2e of both the convex configuration which turned ft 
convex strong against the positive lens component L2d and aperture-diaphragm AS side of both the convex 
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configuration where the convex strong against an image side was turned, Positive lens component L2f of both 
the convex configuration where the same convex strong against the aperture-diaphragm AS side was turned, 
Positive lens component L2g of both the convex configuration where the same convex strong against the 
aperture-diaphragm AS side was tinned, Positive lens component L2i of both the convex configuration which 
turned the convex strong against the negative lens component L2h and aperture-diaphragm AS side of both the 
concave configuration where the concave surface strong against an image side was turned, It consists of 
negative lens component L2j of a meniscus configuration which turned the convex to the aperture-diaphragm 
AS side, positive lens component L2k of a meniscus configuration which turned the convex to the aperture- 
diaphragm AS side, and positive lens component L21. of the meniscus configuration where the convex was 
similarly turned to the aperture-diaphragm AS side. 

[0037] The value of the item of this example hangs up over following Table 3. In this example, it is 1/4 time 
(contraction) the scale factor of the whole system of this like the 1st example of the above, and the numerical 
aperture NA by the side of Wafer W is 0.6, and the working distance by the side of Wafer W is 1 5.0mm. And 
for the cata-dioptric system of this example, the image quantity from the optical axis Ax on Wafer W has the 
exposure field of the shape of a 30mmx6mm slit in the range to 15.3mm like the 1st example of the above. 
Moreover, the beam splitter BS in this example is a 170mmxl70mmx 190mm rectangular parallelepiped 
configuration. 

[0038] Moreover, in Table 3, the sequence of going to the 2nd page equivalent to the Wth page of the wafer ai 
the image surface from the 1st page equivalent to the pattern formation side of the reticle Rasa body side 
shows the radius of curvature r, Spacing d, and the ** material of each side. All over Table 3, between Reticle 
and the concave mirror M, the sign of the radius of curvature r of each field makes forward the case where a 
convex is turned at Reticle R side, and makes forward the case where a convex is turned at a beam splitter BS 
side, between the beam splitter BS and Wafer W. Moreover, the sign of Spacing d is just taken by other optica 
paths for negative according to the optical path which reaches the directional change side of a beam splitter Bi 
from a concave mirror M. And it is CaF2 as ** material. Fluorite and Si02 Quartz glass is expressed, 
respectively. Here, the refractive index in the criteria-for-use-of- food- additives wavelength (wavelength of Ar! 
laser: lambda= 193.4nm) of quartz glass and fluorite is as follows. Quartz glass: 1.56019 fluorite : 1.50138 
[0039] 

[Table 3] [The 3rd example] 

dO = 96.384 r d ** material 1 1566. 352 33.601 Si02 2 - 258.445 42.686 3 - 303.358 35.000 CaF2 4 254.513 
39.688 5 408.129 35.000 Si02 6 - 292.562 0.500 7 238.980 28.106 Si02 8 177.718 35.520 9 236.585 35.000 
Si02 10 258.786 35.249 11 -1574.830 35.000SiO2 12- 195.650 0.50013 -220.42925.000CaF2 14228.713 
7.071 15 380.419 35.000 Si02 16 274.848 10.84717 0.000 170.000 Si02 Beam splitter BS 18 0.00010.000 19 
644.053 -10.000 The lieberkuhn M20 0.000-85.000 Si02 21 0.000 85.000 Si02 Directional change side 22 
0.000 10.000 23 0.00016.475 Aperture-diaphragm AS24 -240.493 27.541 Si02 25 609.289 0.500 26 648.361 
39.879 CaF2 27-161.540 0.500 28- 161.204 15.000SiO2 29 432.174 2,340 30 513.767 39.791 CaF2 31 - 
245.896 0.500 32 397.672 35.000 CaF2 33 -1373.400 0.500 34 350.822 28.205 CaF2 35 -1504.430 0.500 36 
152.096 44.808 CaF2 37 -3015.120 0.546 38 -3831.930 15.302 Si02 39 292.927 0.657 40 122.58834.934CaF 
411224.997 0.539 42 1218. 161 15.188 Si02 43 74.562 8.605 44 108.074 35.000 Si02 45 377.013 1.406 46 
259.877 35.000 Si02 47 767.722 15.000 The value corresponding to conditions in the 3rd example is shown 
below. 

(1) 1/betaM =-0.1 16(2) LI /-- f - two - = -- 2.053 - (- three --) - beta - two - /- beta - = -0.18 - (~ four 
) — D — one - /- fM ~ = - 0.40 - (- five «) - D - two - NA/f ~ two - = - 1.37 - (-- six -) - (-- phi - B - 
one - /- two - four - dW - NA -) - /(f2 and 2) - = - 3.07 - drawing 7 - the transverse aberration Fig. of th 
3rd example — being shown — . Here, it is drawing 7 (a). It is a transverse aberration Fig. in one hundred 
percent-(l 5.3mm of image quantities) of image quantities, and is drawing 7 (b). It is a transverse aberration Fij 
in 50 percent (7.65mm of image quantities) of image quantities, and is drawing 7 (c). It is a transverse 
aberration Fig. in 0 percent (on an optical axis: 0.0mm of image quantities) of image quantities. In addition, in 
each transverse aberration Fig., a continuous line expresses the aberration curve in criteria wavelength (lambdi 
= 193.4nm), and an aberration curve [ in / in a dotted line / lambda= 193.5 run wavelength ], an aberration cur 
[ in / in an alternate long and short dash line / the wavelength of lambda= 193.45nm ], an aberration curve [ in 
in a broken line / lambda= 193.35nm ], and a two-dot chain line express the aberration curve in lambda= 193.2 
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run wavelength, respectively. Each transverse aberration Fig. shown in drawing 7 shows that the cata-dioptric 
system by this example has the image formation engine performance of NA=0.6 which the chromatic-aberratic 
amendment by 193.4nm**0.1nm is especially made by amending aberration good in spite of having attained b 
numerical aperture very much, and was excellent. 

[0040] In addition, as for the directional change side of a beam splitter BS, in each above-mentioned example, 
is desirable that it is the polarization separation side which consists for example, of dielectric multilayers. At 
this time, lambda/4 plate is formed on the field which counters the concave mirror M of a-beam splitter BS. 
Moreover, when aberration occurs in the above-mentioned dielectric multilayers, it is the 1st lens group Gl of 
beam splitter BS. The field which counters, the field which counters a concave mirror M side, and the 2nd lens 
group G2 It is desirable to prepare the thin film which negates the aberration of the fields which counter 
generated in dielectric multilayers on the whole surface at least. What is necessary is just to use the thing of a 
configuration of that thickness differs from a refractive index partially, for example as such a thin film. 
[0041] moreover, each above-mentioned example — setting — the 1st lens group Gl from — the flux of light 
which faces to a concave mirror M — the directional change side of a beam splitter BS — penetrating — and a 
concave mirror M to the 2nd lens group G2 Although the going flux of light is the configuration reflected in 
respect of directional change of a beam splitter BS the 1st lens group Gl from — the flux of light is reflected in 
respect of directional change of a beam splitter BS, and it leads to a concave mirror M, and the directional 
change side of a beam splitter BS is penetrated for the flux of light from a concave mirror M — making — the 
2nd lens group G2 Also as a configuration to draw, it is equivalent on an optical design. 
[0042] 

[Effect of the Invention] As above, according to this invention, a big numerical aperture can be attained, and 
sufficient image side working distance can be secured to an image side, the miniaturization of a beam splitter 
can be attained further, and resolving of a quarter micron unit can be attained. 
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* NOTICES ♦ 

> 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 2] 




[Drawing 3] 
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[Drawing 4] 




[Drawing 5] 
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[Drawing 6] 




[Drawin g 7 ] 
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